ABSTRACT. Revegetation of an airstrip and associated dirt roads on Pingo Pass, central East Greenland (71˚48'N, 24˚15'W), was studied in 1991, 34 years after their construction and abandonment. Sixty-two of the 103 species occurring on the Pass were found on the study sites. This relatively fast rate of recolonization might be partially explained by the fact that the ecological conditions of the surrounding area with windswept and rather stony terraces are similar to the dry and compressed soil on the airstrip and on the dirt roads. Therefore, the species of the dry barren grounds and of the dry heath could reach the airstrip easily and start the process of recolonization as pioneer plants. For most species, two phases of colonization can be recognised: the initial establishment of pioneer individuals followed by the establishment around them of their progeny.
INTRODUCTION
In the late 1950s, an airstrip and associated dirt roads were constructed by the Northern Mining Company on Pingo Pass in western Jameson Land, central East Greenland, 71˚48' N, 24˚15' W (Figs. 1 and 2). Their purpose was to provide a base for topographic mapping and ore prospecting. According to the available information, the airstrip has been abandoned since 1958. Later it was used once when a field party had to remove material and rubbish left behind by the prospecting group.
In 1991, a detailed investigation was made of the revegetation of the landing strip and the two associated dirt roads. Its purpose was to describe the process of recolonization since the construction of the landing strip and the roads (approximately 34 years) and to compare the present state of the plant cover with the natural vegetation outside the disturbed area.
The Pass lies at 500 m on the watershed between the deep Schuchert Dal catchment basin to the west, which drains the southeast Staunings Alper, and Pingo Dal, which flows eastwards into Ørsted Dal and ultimately into Fleming Fjord at Kong Oscar Fjord (Fig. 2 ).
The geology is described by Henriksen et al. (1980) and shown on a geological map scaled at 1:100 000. The Schuchert Dal separates the sediments found in Jameson Land and the Pingo Pass area in the east from the crystalline rocks of the southern Staunings Alper in the west. North of Pingo Pass, there are interesting contact zones with metamorphic rocks.
The Pass (Fig. 2 ) is bordered by a series of moraines left by the ice that spilt over from Schuchert Dal to flow down Pingo Dal, resulting in the formation of the small lake Lomsø just east of the crest of the pass. To the north lie the Werner Bjerge, which rise to 1680 m, and to the south are a succession of lower summits, the Gurreholm Bjerge, formed from Mesozoic sediments and flanking the eastern side of Schuchert Dal. The permafrost conditions in the Pingo Dal east of the area have been studied by Müller (1959) .
The windswept airstrip lies in a zone of sediments. The soil consists of a hard layer of fine material on a bed of stones. The airstrip is fairly well drained and dries fast after the melting of the snow. Snow accumulates in niches at the edges of the airstrip. The influence of permafrost is only slight: the surface is soaked with water for only a cipitation in the area ranges between 300 mm and 400 mm, falling mainly as snow.
VEGETATION
The vegetation of East Greenland from 70˚ to 80˚N is well known (e.g., Sørensen, 1933; Gelting, 1934; Seidenfaden and Sørensen, 1937; Schwarzenbach, 1960 Schwarzenbach, , 1961 Böcher et al., 1978; Halliday, 1981; Bay, 1992) . The results of detailed studies on the vegetation of Jameson Land southeast of the Pingo Pass area have been published by Fredskild et al. (1982 Fredskild et al. ( , 1986 , Holt (1984) , Bay and Holt (1986) , and Fredskild (1990) .
The vegetation of the Pingo Pass area has an intermediate position between the very rich and often luxuriant short time during the melting of the snow. There are no signs of active cryoturbation. Cracks of the soil occur when the surface is drying (Figs. 3 and 4) .
The climate of the area might be compared with the conditions of Jameson Land (Anonymous, 1989 Mestersvig (1961 -85) . The temperatures of the Pingo Pass area seem to be approximately 1˚C lower than those at Station 133 because of the higher altitude. Local and topographical conditions often cause the weather situation to change within hours.
Precipitation and accumulation maps published by Ohmura and Reeh (1991) show that the total annual pre- The list of species is similar to the plant lists published by Fredskild et al. (1982 Fredskild et al. ( , 1986 for the northwestern part of Jameson Land.
The exposed and windswept plateau of Pingo Pass supports a poor and rather open vegetation, variously dominated by Cassiope tetragona, Salix arctica, Dryas octopetala or Carex rupestris and C. nardina. This is in a marked contrast to the often luxuriant Betula nana heaths on the warm, west-facing slopes of Schuchert Dal below 
FIELD WORK 1991
My wife and I spent nearly one month during the summer 1991 in the region of the Pingo Pass (20 July to 18 August). From our base camp near the airstrip, we explored the area by making one-day excursions in all directions, studying the vegetation and the altitudinal distribution of vascular plants between 210 m (Schuchert Dal) and the summits of the mountains north (1680 m) and south (1150 m) of the Pass.
The vegetation of the airstrip (Locality A) was examined several times during the summer to find as many species as possible. On 15 August, four additional sites were studied along the dirt road to the south (B, C and D) and to the east (E). Details of the five study sites (A-E) are given in the footnotes of Table 2 . These sites are compared with 55 control sites at distances up to ca. 1 km from the study sites, which represent all types of vegetation found on the plateau west of the Pingo Pass. The plant lists of the control sites include all species of vascular plants found within a circle ca. 10 m in diameter.
RESULTS
The five study sites have changed little in general appearance since the airstrip and the dirt roads were constructed, apart from a few minor instances of local stream erosion. Today the vegetation of the airstrip has reached a cover of approximately two to five percent (Fig. 4) . We recorded 62 species at the study sites. Plant lists from the five study sites are presented in Table 2 . The nomenclature and sequence follow Böcher et al. (1978) .
The following local factors seem to have favoured the recolonization:
• The ecological conditions of the airstrip and the dirt roads are similar to the dry and windswept terraces which are well represented in the area (Figs. 3 and 4 ).
• The study sites are situated towards the lower end of the plateau, which favours the accumulation of snow, detritus, seeds, and bulbils by wind and meltwater. Many seedlings grow in niches at the edges of the airstrip, where small snow patches offer good conditions for the germination of seeds and bulbils.
• The strong and turbulent winds transport sand, finegrained material of the organic crust, and plant particles all over the Pass, and these accumulate at sheltered places. These micro-habitats offer good conditions for the development of plants.
• Many seed-and bulbil-eating birds are frequent in the Pass. Snow buntings have been seen to eat bulbils of Saxifraga cernua and Polygonum viviparum.
• Groups of musk-oxen often graze and rest on the airstrip, so manuring the ground and transporting material sticking to their hooves and wool. A side effect might be that the re-established plants are destroyed by grazing or trampling of musk-oxen (Fig. 3 ).
It is difficult to draw any conclusions regarding longdistance dispersal. As stated above, Minuartia stricta was found at only one of the study sites, but this rather inconspicuous species might possibly have been overlooked elsewhere.
The successful revegetation might be explained partially by the rather high water-saturating capacity of the soil. Elsewhere on the plateau the recolonization of a disturbed surface has not been as successful: near the lake Lomsø, the wheel marks are still clearly visible where a vehicle passed through the delta of a meltwater river some 35 years ago. The vegetation has still not recovered.
Our limited field work in 1991 did not reveal how the individual species have succeeded in building up and maintaining a new population on the disturbed surface of the airfield and the two dirt roads. As shown in the literature (e.g., Barrett and Schulten, 1975; Bell and Bliss, 1980; Bliss and Grulke, 1988 ) vascular plants use different strategies to establish long-term populations under High Arctic conditions. The dynamics of revegetation of a disturbed surface can be understood only when the whole cycle of production, dispersal, viability, survival, and germination of propagules is known for the individual species, and when the processes of competition, selection, and succession have been analyzed.
We recommend a follow-up study of the revegetation of the airstrip and of the dirt roads near the Pingo Pass. Such a study should focus on two questions of interest. 1) Which species first recolonized the airstrip from propagules
DISCUSSION
The number of 62 species on the airstrip and on the dirt roads is surprisingly high, representing 49% of the 126 recorded species of the total area studied in summer 1991 and 60% of the 103 species found at the 55 control sites that we examined in detail.
Of the five study sites, B has the greatest number of species: 35. Snow-patch plants occur, because melting water from a snow-fan passes the dirt road. A small carpet of Betula-heath grows in a sheltered niche below the road.
The airstrip and sites D and E have similar numbers of species (29, 28, and 20) . Species from dry habitats are well represented. Site C is a late-melting snow patch with only 12 species.
The only three species occurring in five or more of the control sites but not represented at the study sites were Erigeron humilis, Eriophorum scheuchzeri and Kobresia myosuroides. Conversely, of the 46 species present at one to three of the control sites, only eight occurred at the study sites. Common species seem to be the most successful colonists. Surprisingly, one species, Minuartia stricta, was found on the airstrip although it was absent from the control sites.
When the number of species in each family occurring in the study sites is expressed as a percentage of the total number occurring on the Pass, five families have values above 40% (Table 3) .
It may be important that these families have particularly small seeds or are known to be bird-dispersed. More significantly, berry-or bulbil-producing species, which are probably bird-dispersed, are well represented on the study sites. All the important heath species were observed too, although no Salix arctica more than eight years old was found. Not surprisingly, species typical of herb slopes and snow patches were absent or only poorly represented. No species of Asteraceae were found on the study sites.
Typically, colonization occurs in two stages: first, the establishment of pioneer species; and subsequently, the establishment of offspring around these plants-either by generative or by vegetative reproduction (Fig. 4) . This pattern is best seen in species with rather large seeds and therefore lesssuited for long distance dispersal (e.g., Silene acaulis, Braya purpurascens, Draba alpina, and Cerastium arcticum), or with bulbils (e.g., Saxifraga cernua, Polygonum viviparum, and Festuca vivipara) . Such colonization will be most effective in species which quickly reach maturity. surviving the disturbance of the soil? 2) Which species has the disturbance of the surface favoured, e.g., by providing a better chance for germination, or removing competitors?
